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(57) Abstract 

. The invention pertaina to the field of adaptive optics and can be used for the static and dynamic guidance of a wave 
front m a variety of optical devices and systems including astronomical telescopes. industrUllMer 
W T^S^Tr^' ^ P^sed mc^ic adaptive bimorph mirror.Tu^Ulfje^ic^^^^ 
Smp^ aUe^tl^ T.'''?^> « deform the reflecting suxface. The piezoelectric elements Z question each 

rfSSailrr^ Piezo-ceramic plates (4) fixed on the bottom of a housing (1) the interior cavity of which is fiUed with Z 



(67) Pe4>«paT 



H3o6peTeHHe othochtch k ynpaBJweMOH onTHxe h mokct 6bin> 
Hcnojib30BaHO njisi craxHtiecKoro h AHHaMHHecKoro ynpaBJieHH^i BOJiHOBbiM 

4)pOHTOM H3JiytieHHiI B pa3JIHHHbIX OnTHqCCKHX npH6opaX H CHCTCMaX, BKJnoqaH 

acrpoHOMHHecKHe xejiecKonw, npoMbiuuieHHyio jiaaepHyio TexHHxy, a raicKe 
onTHHecKHe cHcreMW HasejieHHJi h conpoBOiaieHHii. B M03aHHHOM aAanTHBHOM 
6HMop(j)HOM sepKajie juu ;ie4)opMauHH orpa^KaiomeH noBepxHOCTH Hcnojib30BaHbi 
MHorocjioHHbie jiOKajibHbie 6HMop(j)Hbie CTpyxrypbi b BH;ie nbesoaJieicipHHecKHx 
3JieMeHTOB, cocTonmHx no KpafiHeii Mepe h3 /tsyx nbesoKepaMH^ecKHX njiacTHH (4), 
saKpeiuieHHbix na ;mHme craKaHa-Kopnyca (1)» BHyrpeHiWH nojiocxb Koroporo 
sanojmeHa 3JiacTHqHWM repMCTHKOM (9). 3 3. n. ci)opMyjibi. 2 hji. 



HCRJnO^IRTEJIbHO nilSl IPUIES HHOOPBIAipiH 



KoAU. Bcaoauye&cue jua o6oaHaHeBKa crpaH-^ueHOB PCT ua Taryjoohix 
ny&nDcyDTCJi MeacAyHapoxBLie saasicH b eooTBercT B HH c PCT. 
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M03AI1HHOEAiI.AJTTHBHOE EWMOPOHOE SEPKAJIO 

OBJIACTb TEXHHKH. 
H3o6peTeHHe othochtm k ynpasjueMOH onTHxe h mo-^ct 6bm, 
HcnojiwoBaHO ujv, craTHsecKoro h jWHaMHHecKoro ynpaBJieHHH bojihobmm 
(i)poHTOM HSJTVMeHHa B pa3.iHMHbix onTMsecKHX npH6opax H CHCTCMax. BKmonaa 
acrpoHOMHMecKHe renecKonbi. npoMuiiuieHHyK) jiasepHyio TexHHxy. a xaioKe 
onTHHecKHc cHcreMu HaaeaeHHa h conpoBOHcncHHa. 

nPEillllECTByiOmHa yPOBEHt texhhkh. 

H3BecTHO fle(j)opMHpyeMoe SHMopcJiHoe sepKajio (cm. B.H.Eohkob. 
n.B.HHKOJiaeB. A.B.Cmhphob. OyHKUHH onaiHKa 6HMop(})Horo raoKoro 
3epKajia.- OnniKo-MexaHHMecKafl npoMbimneHHOCTb. 1989. N 10. c. 10-1 3). 
conepacauiee OTpaiKaioiuyro n;iacTHHy flHaMerpoM 60 mm. k TbuibHOH noBepxHOCTH 
KOTopofi npHcoeiiHHeHbi 7 oraejibHbix nbesonJiacTHH ^HaMerpoM 18 mm. 
HejiocTa-ncaMH ixaHHoro 6HMop<t>Horo aepKajia hbjwkjtch: 

1) HennoTHaa ynaKOBKa nbeaoiuiacTHH wa TbuibHofi cTopone OTpajKaromeii 
rwacTHHbi. npHBOiwmaa k HeBOSMOjKHOCTH HenocpeicreeHHoro bjijmhhh aa ee 
fleijjopMauHH B npoMesKynce Mcxny coceiWHMH nbesonJiaeniHaMH; 2) Majiaa 
BoiHHHHa ynpaBJiaeMbix nepcMemeHHii onTHHecKofi noBepxHocra; 3) HiOKaji 
HyBCTBHTMbHocn. (MaKCHMyM 19.2 mkm/kB); 4) BbicoKaa TpyflocMKoen, 
t|>opMHpoBaHHa onTMHecKOH noBcpxHOCTH; 5) HH3Koe KaHcciBO H CTa6HJibH0CTb ee 
HcxoiiHofi ({jopMbi, 6) HH3Kaji npoHMOCTb H HaflexHocTb sepKajia. 

HsBccTHo TaKMce oxjia^caaeMoe aaanTHBHoe 6HMop(jiHoe sepKajio (cm.. 
HanpHMep. naxcHT CCCP N 1808159 . MKH HOIS 3/02. 1989). coacpxauiee 
Kopnyc B BHfle craxaHa, oxnajunacMyio oipaacaiomyio luraeniHy, ocHOBHyw h 
aonojiHHTejibHyio nbesosjiexrpHHecxHe luiacTHHW h HMCiomee IS nesaBHCHMbix 
ynpaBJWKJuiHX 3JiexTpoflOB. HpHieM flonojiHHTejibHaH nbeaonjiacinHa. 

Jlr 

pacnojiojKeHHaa MCjicny OTpajKaKjmefi luiacTHHOft h ocHOBHofi nbesoxepaMHHecxofi 
njiacTHHoii h acecrxo coejiHHeHHaa c hhmh. Hcnojibsyerca nesaBHCHMO ot ochobhoh 
nbesonjiacTHHbi. to ecTb ee ynpaaJuiKjiaHfi 3JiexTpoa hc HMcer ajiexTpHHecxoro 
KOHTaicra c apyrHMH 3;ieKTpoiiaMH. HasHaqcHHe stoh iionoJiHHTeiibHOM 
nbejoruiacTHHbi aajanoHaercsi b CTa6HJiH3auHH penepHofi (jiopMbi OTpaacaiomeM 
noBcpxHocTH sepxajia, yMCHbuieHMH ero ajiexrpoMexaHHMecKoro racTepeaHca h. npM 
onpenejieHHbJX ycnoBHux. yBejiHMCHHH ziHanasoHa ynpasJuieMbix nepeMeiucHHfi 
0Tpa->KaK5iaeH noBepxHOCTH. FIpH 3tom. /ie(|)opMauHH OTpa:KaioiueH noBcpxHOCTH b 
jaHHOM 6HMop<|)HOM sepxajie. aocTHraiOTca 3a chct co3iiaHHa npH aetjiopMauHiix 
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KajKnOH nbe3onJiacTHHbi HsrwoaiouiHX momchtob h hx nocjieiiyiotueH cynepnosHUHH: 
K^miasi nbesonnacTHHa jiecJ)opMHpyeTC5i b napajuienbHOM OTpa:KaK>meH 
noBcpxHOCTH HanpasJieHHH 3a chct d6paTHoro nonepcHHoro nbe303jieKTpHHecKoro 
3(J)<|)eKTa. HenocraTKaMM H3BecTHoro ycrpoHCTsa hbjwwtch: HajiHHHe 
5 3JieKTpHMecKoro noxcHUHajia na MerajuiHHecKOM xopnyce 3q}Kajia. Majian 
aMnjiHT>'iia ynpasjiJieMbix iie({)opMauHH OTpa-zKajomeii noBepxHocTH (NiaKcwMyM 

I1.2MKM), HH3Ka5I MyBCTBHTCJIbHOCTb (MaKCHMyM 37.3 MKM/kB), BblCOKa;! 
ipyilOeMKOCTb (j)OpMHpOBaHHH OnTHHeCKOM nOBepXHOCTH. HH3KOe KaneCTBO H 

CTa6HJibHocTb ee HcxoimoH (|)opMbi. a xaKHce HHSKan npoHHocrb h najiejKHOCTb 
1 0 3epKajia. 

HsBecTHO TaK»ce jaetj)opMHpyeMoe 6HMop(j)Hoe 3epKajio. (cm, S.G.Lipson. 
E.N.Ribak. C:Schwanz. Bimorph deformable mirror design. - Proc. SPIE, 1994. 
vol.220 i, p.703). conep-^aiuee OTpa-.Kaiouxyio njiacTHHv AHaMerpoM 100 150 mm h 
nbe303jieKTpHMecKHH ynpaBHiiiomHH cjioh. ctJjopMHposaHHbiH Ha ee TbuibHOfi 
15 nosepxHocTH B BHiie MosaHKH H3 61 nbe303neKTpHHecK0H ruiacTHHbi KpyrnoM MJiH 
KBa^aTHOH (j)opMbi pasMepoM 100 -r 150 MM. Hej:iocTaTKaMH sroro 
;ie(j)opMHpyeMoro 6HMOp(|)Horo sepKajra mjuiiotch: MaJia^i aMiuiHTyjia ynpaBJweMbix 
iie(|iopMauHH 0Tpa)KaK)meH noBepxHocro, hhskeh HyBcxBHTCJibHOCTb, BwcoKaH 

Tpy;XOeMKOCTb <|)OpMHpOBaHHH OnTHHCCKOfi nOBCpXHOCTH, HH3KOe KaHeCTBO H 

20 CTa6HJibHOCTb ee hcxojihoh ij)opMbi, a raicKe HH3Ka5i npoqHOcrb h Hane^KHOCTb 
3epKajia. 

HaH6ojiee 6jih3khm k iiaHHOMy H3o6peTeHHK) no cymecTBy h coBOKynHocrw 
npH3HaK0B aBJwercji fle(j)opMHpyeMoe sepKajio, Bbi6paHHoe 3a npoTOTHn (cm. 
ABTopcKoe CBnaerejibCTBO CCCP N 1485180 G02B 5/10 ox 27.06.1989). 
25 coaepxamee Kopnyc b bhuc craxaHa c KpbiuiKOH h oipajKaioweH noBcpxHOCTbro Ha 
BHeuiHCH cTopone flHHiua craKaHa, oxaejibHue nbesosjieiopHHecKHe sjieMCHTbi. 
pacnojiO/KCHHbie b craKane, He Bbixo^a 3a npeaejibi oipaHcaiomefi noBepxHOCTH, 

BHy^pH UHJIHHiipHMeCKHX nOJIOCTeH. B UCHipe KanCaOH H3 KOTOpblX HaXOOTTCH 

Bbicryn. Hpn noAaHe ajieiopHHecKoro HanpH^KCHHH na nbe303JieMeHT oh 
30 H3rH6aeTCH, scjiejicTBHe nero ocyiuecTBjiiieTCJi jie(})opMauH5! oxpa^KaioiueH 
noBepxHOCTH sepKajia. Hpn stom. Bbicryn b ucHxpe nojiocTH nrpaer pojib 
npoMe^KTTOHHoro SBena, nepes KoropbiH pasBHsaeMoe nbesoajieMeHTOM ycHJiHe 
npH ero H3rH6e npHKJiaiibiBaeTc;i k TbiJibHOH cropOHe sepKajibHOH n.iacTHHbi. 
Heo6xoiiHMO raK^Ke saMCTHTb, hto b iiaHHOM nec))opMHpyeMOM 3epKa;ie Kaxubifi 
35 nbeaoajieMCHT rajuercH (})aKTHHecKH 6HMopcj}HbiM npHBOiiOM. HeiiocraTKaMH 
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npoTOTHna hb.-ukdtch: 1) Ma^a« aMn:iH-ryaa ynpaBn),eMwx iiec|,opMau„fi 
OTpa>KaK)iiieH noBepxHOCTH (ooyaiOBneHHaa Becbsia hh3koh aKTHBHOii 3Kecncocn.io 
nbe303.ieMeHTa. x.e. MajiwM ycHnHe.M. paaBHBae.MWM npH ero HsrHoe); 2) HH3Kaa 
MyBCTBHTenbHocn,: 3) Bb.coKa« TpyaoeMKOcn. H3roTOB;ieHHi. caworo aepicajia 
(Kopnyca). ero c6opKH (Kpen-ieHHe h wcropoBKa nLe303neMeHTOB). a raioKe 
(t)opMHpoBaHH;, ero onTHHecKoii noBepxHocra: 4) HH3Koe KaMCCTBO h 
cTa6mibHocTbK> hcxo/ihoh (JiopMbi OTpa^Karouieii noBepxHOcra: 5) HHSKaa 
npoHHocTb K HaiieyKHOCTb 3epKaxia. 

PACKPblTHE H305PETEHH;I. 
TexHHHecKan sanasa. Ha peuiCHHe KOTopoB HanpaBJieHo jaHHoe 
H3o6peTeHHe. 3aKniOHaeTM b yBeiiHHeHHH aMrniHTViib, ynpaBn«Mbix nepcMeuieHHH 
orrrHHecKOM (oTpa>Kaiou,efi) nosepxHocTH ixe^iopMHpyeMbix 6HMop(l)Hbix.3epKaji h 
noBwmeHHH hx HyBcraHTMbHOCTH. KpoMe roro. npeanaraeMaa KOHcrpyKUHJi 
no3BOJM<rT CHH3H-n. TpyaocMKOcTb H3roTOB;ieHH5i. c6opKH H nojiHpoBKH sepKajia. 
noBbiam. KaHeciBO h CTa6H;,bHociT. Hcxoimoii .{.opMU ero onTHHecKOfi 
noBcpxHOCTH. a TaiciKe yBenHHHTb npowocTb h HajiejicHOcrt 3epKajia. 

YKasaHHWH TexHHHecKHii pesyjitTaT aocTHraerca tcm. hto b MoaaHHHOM 
aaaniHBHOM 6HMop(i)HOM 3epKa;ie. coaep^KauieM Kopnyc b BHiie cnucaHa c icpbiuucoa 
H OTpaHcawuieii noBepxHocrbio Ha BHemHeB cropone iiHHUia craKaHa. OTaejibHbie 
nbe303JieKTpHHecKHe aneMCHTW. pacnonojKCHHbie b craKane. He Bbixoiw 3a npejenbt 
o-rpa>KaK.meH hoBepxHocTH. Kaacubiii nbesoajieiopHHecKHM ajieMenr BwnojiHeH h3 
noaienoBaTejibHo saKpenjieHHbix napa;uienbHo BH/ipeHHeii noBepxHOCTH iiHHma 
craKana no KpaHneii Mcpe zrayx nbesonjiacrnH co cnjiouiHbiMH 3jreiapoflaMH na hx 
npoTHBonoJio^KHbix cTopoHax. BeKTopu nojwpH3auHH CMe«Hbix nbesoiuiacTHH 
Kaxaoro nbesoaiiejopHHecKoro ajieMenra HanpaajieHbi b npoTHBononoacHbre 
cTopoHbi. a HX oiwoHMeHHbie aneiopoflbi ajiempHHccKH CBJnaHW Me«ay co6ofi. npH 
3TOM.cTaKaHBbmonHeHBBHiieeimHOH aerajiH c iiKHUieM nepeMCHHoB TOjimHHW. 
Ha cpe:meH nacTn KOToporo. HMerowei} 6o.Tbuiyio To;iiaHHy. BbinoflHena 
OTpaacaioinafl noBcpxHOCTb. KpoMe roro. aHHUie craKaHa MOjKer 6biTb BbinojiHCHO 
oxJiaacnacMbiM. CMCjKHbie nbeaonnacroHb. no KpafiHefi Mepe oimoro 
nbe303JieKTpHHecKoro sjieMeHTa Moryr 6u-n, conpji>KeHfai MCJKay co5o{} Hepe3 
OOUIHH a-M HHx sjiciopofl. a nojiocTb Kopnyca mohcct 6wTb aanomcHa 3;racTHHHbiM 
repMetHKOM. 

ysenHseHHe no q)aBHeHHio c nporoTHnoM aMn^iynbi ynpaaJwcMux 
nepcMcuieHMH onTHMecKofi noBepxHOcra M03aHHHoro aaanrHBHoro 6HMop(j)Horo 
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3epKana nna Kaxnoro ero nbC303iieMeHTa b OTiieni,HocTH aocTHraerc;, 3a chct 
B03pacraHH>, 3HaMeHH;, Ka^Kaoro ;iOKa.nbHoro H3rH5aK5ii,ero MoweHra 
BOSHHKaiomero b Ka:KnoH JiOKaiibHOii MHoroaioiiHoii 6HMop(t,HOH crpvKType 
oSpasoBaHHoii. iiaHHi..M nteaosiieMCHTOM h o-rpa>KaioiueB n;iaTHHOH. 3to 
npoHcxoaHT no aieayiouiHM npHMHHaM: 

I) ejiaroiiapj, HajiHHHio h noaieayKDmeMy cvMMHpoBaHHKD H3rH5aiouiHx 
MOMeHTOB. B03HHKaioiuHX B KdHcaoM nbe303;ieiapHHecKOM aneMCHTe npH 
Hcnojib30BaHHH Ka^KaoH flonojiHHTeju.HOH ni.e3oniiacn.Hbi. HTO peajrH3yeTM b 
cieacTBHe Toro. hto KajKObiii nbe303.ieic7pHHecKHH 3aeMeHT Bbmo;iHeH h3 
nocneaoBa-nyiBHO 3aKpenaeHHMx napa^-menbHo BHyTpeHHcfl noBepxHoc™ iiHHma 
craKaHa no KpafiHeii Mepe ioyx nbeaonjiacTHH co cnaouiHbiMH 3«iapoiraMH Ha 
Hx npoTHBonojiojKHbix CTOponax hjih JiBasercji MHorocjiOHHbm: 

2) 3a CHCT CHHXpOHHblX H CHH(})a3HbIX (t.C.. paBHblX no BeJIHHHHe H no 3HaKy) 

ae(|.opMauHfi nbesoKepaMHHecKHx nJiacTMH b KajwoM nbeaositeiopHHecKOM 
3iieMeHTe. hto peajiHayerc. b aieacTBHe Toro. hto b Ka^woM nbeaoancKipHnecKOM 
siieMCHTe Bce ajiciopoflbi nbesomiacTHH BbinojiHeHb, cnnoinnbiMH. seKTopbi 
nojiapHsauHH cm^khmx nbesonaacnin Ka^cnoro nbeabancKrpHHccKoro ajieMenra 
HanpaBiieHbi b npoTHBono;i05KHbie cropoHbi. a hx OflHOHMenHbie ajieiopoflw 
3JieiapHHecKH csasaHbi ueyicjxy co6og. 

KpoMe Toro. yBCJiHHeHHe no cpasHeHHio c npoTOTHnoM aMnraryflbi 
ynpaBiweMbrx nepeMemenHH ornHHCCKoB noBcpxHocm MoaaHHHoro aaanrasHoro 
6HMop(j)Horo aepKana jvi^ moro ero nbe303JieMeHTa b OTflejibHOcni 
iiocmraercH 3a cner CHH^enHH ^Kecncocro oipajicaiomeH njiacrnHW (t.c.. iiHHma 
craKaHa) b ee nepH(})epHHHOH nac™ h. TeM caMWM. peamnaoHH 6onee snacrKHHoro 
saicpenjieHHii orpa^Kawuiefi njiacTHHbi. hto o6ecneHHBaeTM b oieaeraHe TOro. hto 
cracaH BbinojiHeH b BHae eimHoH aerajiH c aHHuieM nepeMeHHofi TomaHHw. Ha 
cpeaHcfi HacTH KOToporo. HMeioineii 6oabuiyio TojiuiHHy. BbinomieHa OTpajKaioina). 

nOB^XHOCTb. 

Heo6xoflHMO OTMSTHTb. HTO nepBa« H3 Bbime nepeHHOienHbix npHHHH hmcct 
MecTO B oiiHOM H3 aHajiOFOB, a HMCHHO B oxjia^KflaeMOM 6hmop4)hom 3epKajie (cm. 
naTCHTCCCP N 1808159). ^aeficiBHTejibHO. npH Hcno;ib30BaHHH b KOHcrpyxuHH 
sepKajia BTopoS nbeaon^iacTHHw npn ee iie(j)opMauHH BosHnxaer iio6aBOHHbiH 
H3rH6aK)uiHfi MOMeHT. KOTopbiH cwiain.iBa«rrc5i c H3rH6aioiiiHM momchtom. 
BOSHHKawwHM npH ae(})opMauHH nepBOH nbesonjiacTHHbi. OxwaKO. b 3tom oiynae 
VBenHHeHHH cyMMapHoro H3rH6aiomero MOMCHTa. BosHHxaioiuero b aByxcnofiHOH 
6hmop(|.hoh crpyKType (h. tcm caMbiM. yBem.HeHM« aMnJiHTyiibi aetjjopMauHM 
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OTpa)KaioiueH noBepxHocru) Mo>KeT h hc nponcxoiiHTb. nocKonsKy npn nepexoae ot 
OiiHocjiOHHoro 6HMop(j)Horo sepKajia k flsyxcioHHOMy hmcct mccto KOHKypeHUHj. 
Tpex (})aKTopoB: 

1) flo6aBJieHHe k cyinecTsyiomeMy H3rH6aK)meMy MOMCHry 
aonojiHUTCJibHoro Hamoaioiiiero momchte 3a chct hoboh nbesonjiacTHHw: 

2) CHHaccHHe no cpaBHCHHio c ozmooioHHUM aepKajioM sejiHHHHbi 
H3rH6aioiuero MOMeHra. BbiSbiaaeMoro aetjjopMauHHMH nepBoii nbeaonjiacroHbi. t.k. 
B ffBYXCJiOHHOM 3epKajie aaHHOMy H3rH6aKDmeMy MOMCHTy Heo5xoflHMO 
KOMncHCHpoBa-n. npoTHBOiieHeiBHe He TOJibKo co cropoHbi OTpajKaioiiieH 
njiacTHHbi. HO raiOKe npoTHBoaeiicTBHe co cropoHbi BTopoH (hoboh) 
nbcs OTLiacTHHbi: 

3) ao6aBJieHHe k cyiaecTBVioiueMy H3rH6aiouieMy MOMeHTv 
iXonoflHHTejibHoro n3rH6aiomero MOMCHra. BosHHKaiomero b 6hmopc1)hoh 
crpyKTvpe "nepBaa (crapas.) nbcaonjiaeniHa - sTopaa (HOBaa) nbesonnacTHHa". r.e. 
3a CHCT oaHOBpeMCHHux fle(}>opMauHH o6oHx ntesonjiacTHH. 

noHHTHO. HTO. c TOHKH spcHHa yBcnHHCHHa nhmnHTyjtbi ynpaajweMbix 
nepeMemcHHH onTHHecKofi nosepxHoe™ 6HMop(j>Horo sepKajia. nepsbiii h3 
HasaaHHbix cjjaicTopoB aBJuerca nojiojKHTOibHUM. a BTopoB - OTpHuaTCJibHWM. 
fleiicTBHe Tperbcro (j)aKTopa OKaabreaerca nonoxcHxeJibKbiM tojibko b tom cjiynae, 
Koraa B03HHKaioiaHH b 6HMop<|iHofl CTpyioype "nepBaa nbeaoruiacriHHa - Bxopaa 
nbcsonjiacTHHa" Ao6aBOHHbiH H3rH6aK)mHH momcht coBnaaaer no snaKy c 
MOMCHTOM. BosHHKaromHM 6jiaro;xapa iie(t>opMauHaM nepBca (crapofi) 
nbe3onJiacTHHbi. A 3to. b cbok> oqepeiib. bo3mo«ho TOJibKO Toraa. Koraa 
fle<j)opMauHH BTopoM (HOBOH) nbesoiuiacTHHW coBnajaawT no 3HaKy c 
Ae4)opMauHaMH nepsoH (crapofi) h npeBOCxoaax hx no BejiHinHe. Bo Bcex 
ocrajibHbix cjivKaax ncHCTBHe Tpertero (j)aicTopa asroieTca OTpHua-rejifcHbiM. jia«e b 
TOM cjivMae. Koraa aetjjopMauHH o6ohx nbe3onjiacTMH coBnaaawT no snaKy. ho 
OTjn^<iaioTca iipyr or irpyra no BejiHMHHe. 

H3 BbimeH3Jio>KeHHoro paccMoipeHHa acHO. hto npn nepexoae or 
oiiHoaioHHoro sepKajia k irayxaiofiHOMy nepswe ma. (j)aKTOpa asJiaiOTca 
npHHUHnHajibHbiMH. npHcyrcTByiouiHMH Bceriia h. cjieiioBaTejibHO. BTopofi 4)aKTop 
npHHUHnHajibHo HeycipanHM. fleficiBHe Tpenero ({jaKTopa mojkho o6paTHTb na 
nonbsy aejia. ooecnenHB npn pa6oTe 6HMOp(})Horo sepKajia. MTo6bi b Kaacnbiii 
MOMCHT BpcMCHH ynpaBJiaioiuee HanpajKCHHe Ha BTOpofi nbcsonjiacTHHe 
coBnaaa,To no 3HaKy c Hanpa^KCHHCM na nepsoM h npcBbiuiajio noaieimee no 
BenHHHHC. OiiHaKO. Bcc BapwaHTbi noiio6Horo ynpasJieHHa nbe3onjiacTHHaMH b 
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:iByxcioriHOM DHMopc{)HOM 3epKajie KpawHe Heyno6Hti. ZlewcTBHTejibHo. Bo-nepstix. 
BO Bcex nono6Htix cjiyna^x Heo6xoziHMO HMexb iina ajieicrpHHecKH HeaaBHCHMWX 
ynpaB.i5iK)iiiHX Kanajia. Bo-BTopbix. BHaneHHe ynpaBJi^ijomero HarTpa:KeHHa Ha 
BTopoH nbe3on.iacTHHe Bce BpeM5i Heo5xoiiHMO qDaBHHBaxb c sejiHHHHOH 
Hanp5j>KeHH3i Ha nepeoH nbeaonjiacTHHe, hto secbMa Heyiio6HO b HHHaMHHecKOM 
pejKHMe pa5oTbi 3epKajia. 

npH nepexoAe ot jiByxcjioHHoro 3epKajia k TpexcnoHHOMy h najiee k 
MHorociOHHOMy iieHCTBHe Bcex ipex BbimenepeHHCJieHHbix (J)aKTopoB vcHJiHBaercfl, 
a MMeKHo: 

1) iiooaBKa K cymecTByiomeMy H3rH6aioiueMY MOMCHry iionojiHHxejibHoro 
H3rH6aiomero MOMCHTa yMCHbuiaerca . c npHcoezwHCHHeM Ka:KHOH hoboh 
nbcsonnacTOHbi, t.k. oSuiaa 'yKecncocrb 6hmop4)hoh crpyKrypbi Bce 6ojiee 
Bospacraer: 

2) CHH^yKaiOTCSI SHaHCHHH H3rH6aiOmHX MOMCHTOB, BblSblBaCMblX 

zxetJiopMauHaMH Bcex y»e HMCiouiHxcji nbesonjiacTHH, a He TOJibKO nepsoH, t.k. b 
MHorocjiOHHOM 3epKajie KaxcziOH HMeiomegcJi nbesoiuiacTHHe Heo6xoOTMO 
KOMncHCHpoBan, npoTHBOiieMCTBHe CO cTopoHW OTpa^aiomeB njiacTHHbi k co 
CTopoHbi Bcex ocrajibHbix nbesofuiacTMH; 

3) TO6aB;wioTC5i flonojiHHxenbHbie HsrneaiomHe MOMCHTbi, BOSHHKarouiHe bo 
Bcex 6HMop<|»Hwx crpyicrypax. o6pa30BaHHbix KaMCHofi napoii cmc^khmx 
nbesonjracTHH. 

no anajiorHH c ztByxcjiOHHbiM 6HMop(j)HbiM sepKajiOM hoh^itho, hto b 
MHorocioHHOM scpKajic ^[o6HTi>ca BbiuievKasaHHoro TexHHHecxoro pesyjibxaxa (t.c. 
yBenHHCKHH aMruDiTyjooii iiecjjopMauHM) sa chct npocroro yBejiHHCHHa KOJiHHccTBa 
nbesonjiacTHH ne yixaerca. KpoMe xoro, b mhofocjiohhom sepxajie jaoSnTbca 
nojiOKHTCJibHoro whctbhh Tperbcro cfaKTopa (r.e. KprAa ynpaBJunomee 
Hanpji^KeHHe Ha Bcex nbcsoiuiacTHHax mnstercji OOTonojwpHbiM. npHHCM ero 
BCJiHHHHa juisi Ka)KaoH nocjienyiomeH njiacTHHbi 6omiiiie, hcm jum npeubmymefi) 
eiue cjiOKHee, hcm b iiByxcjTOHHOM, h b iWHaMHKe, npaKXHHecKH. hcbosmojicho. 
no3TOMy, npaKTHHecKH Bcerna iperHfi c})aKTop ey^er OKasbiBan, OTpHuaxe-ibHoe 
B03neHCTBHe Ha aMOJiHTyiiy ;iec})opMauHM. 

Bbixoii H3 cjiOKHBLueHCH CHTyauHH B npezuiaracMOM H3o6peTeHHH 
saionoqaeTCH b ycrpaHCHMH rperbero (j)aKTopa BOo6me, r.e. sa cner Toro, hto b 
Ka>KaoM nbesosjieMCHTe ace coenHHeHHJi Ka^KHoii napbi CMCJKHbix nbeaonjiacTiiH ztpyr 
c jpyroM He jib;wiotch 6HMOpcj)HbiMH. FIocjieiiHee peajiH3yeTCJi b tom cjiynae, Koraa 
nnn Ka^icnoro nbesoajieMCHTa JnoGbie jxbc cmokhwc nbesonjiacTMHbi 
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HetjjopMHpyroTcs aScomoTHO oiiHHaKOBO hjih. hhwmh aiosmn, Koraa npH npoHHX 
paBHbix yc-ioBH^x Ha ace ni.c3on;iacTHHbr oaHoro nbe303JieMeHTa noflaercji 
oiiHHaKOBoe yiTpaB;u,iomee HanpH>KeHHe. Hmchho 6jiaroiiapa aroMv ae^opMauHH 
Bcex nbe3on;iacTHH oiiHoro nbesoaJieMCHTa mjwiotm chhxpohhhmh h CHH(|)a3HbiMH. 
WTO. KaK OTMenajiocb Bb.me (cm. n. 2 aa c. 5). «;iaeTc« BTopoS npHHHHOfi. 
npHBOiuuieH K iiocTH>KeHHK) yKosaHHoro TexHHHecKoro pesyjiiTara. HpH stom. 
cooTBercTByiomHM ornHMHTenbHbiM npHSHaKOM HBJwerca to. hto b KaamoM 
nbe303Jie.apHHecK0M ancMeHre Bce gncKipoiib. nbeaonjiacniH BbinonHCHw 
cnjiouiHWMH. BeKTopbi nojMpHsauHH CMCTOibix nbeaonjiacTHH Kasicnoro 
nbesoancKTpHMecKoro 3jieMeHTa HanpaBJienbi b npo-niBonojio^Hbie cropoHW. a hx 
oiiHpHMeHHbje 3;ieKTpojiu 3;ieKTpHMecKH CBasaHbi ucxny co6oh. TaKHM oopasoM. 
TonbKO coneraHHe iiaHHoro OT^HHTejibHoro npHSHaKa c nepBbiM (hto Ka^KzibiH 
nbe303JieKTpHHecKHH 3JieMeHT BbinojiHeH h3 nooieiioBaTenbHO aaKpeniiCHHbix 
napajuienbHO BHyrpeHHefi noBepxHOcro ;iHHuia crraKaHa no KpaHHefi Mepe ^yx 
nbeacnJiacTOH co cnnouiHbiMH 3JieKTpoAaMH Ha hx npoTHBonojioacHbix cropoHax 
HJIH JtBJweTCji .MHOrocnoHHbiM) nosBonaer flooHTiM B npeMaracMOM H3o6pereHHH 
yKaaaHHoro TexHHHecKoro pesyjibTaTa jmx ' Ka>Knoro OTiiejibHoro 
ni.e303«eicTpHHecKoro sjicMCHTa no cpaBHCHHio kbk c npoTOTHnoM, thk h c 
anajioraMH. 

C flpyroH CTopoHbi. Heo6xoflHMO OTMcniTb. "JTO iiaHce npw ycrpanenHH 

BJIHHHHH TperberO H3 paCCMOTpCHHblX (j>aKTOpOB B Ka^cnOM nbe303JieKTpHHeCK0M 

sjieMCHTe no-npejKHCMy hmcct mccto KOHKypenuHJi nepsbix .aByx. 3to 
ooycnaBJiHBaer cyuiecTBOBanHe onTHMajibHoro KOJiHHecTBa iionojiHHT«yibHbix 
nbesonJiacTHH b KajKnoM nbcsoajieinpHHecKOM 3jieMeHTe. c toikh spcHiw 
yBenHHeHHH aMiuimyiibi ynpasnjieMbix fle(|)opMauHH jva Kaacnoro 
nbe303jreKTpHHecKoro sneMenra. T.e.. jio6aBJteHHe b nbesoajieMeHX kh-asmoh hoboh 
nbesonjiacTHHbi (oasce npn ycjioBHH opneHTauHH h coenHHeHHa ee yKaaaHHWM 
hvjkSwm o6pa30M) npHBener ne k ysenHMeHHio aMruiHTyjibi aetfiopMauHii juvt 
aaHHoro nbesoajiCMeHTa. a k ee yMCHbuieHHio. FoBopa jxpyniMH cjioeaMH. 
aajibHCHiiiee yBejiHHCHMe KOJiHsecTBa nbesonnacniH b nbesosjiCMeHTe npHBener k 
TaKOMy yBerofHeHHio aoKajibHofi acecTKOcm iiaHHOH JiOKanbHoH MHorocjiofiHOH 
6HMop<})HOH CTtpyioypbi. KOTopoe He hosbojiht itocTHHb yKaaaHHoro TcxHHHecKoro 
pesyjibTaTa. 

B naHHOM H3o6peTeHHH npeanaraeTM cjiciiyiouiHH Bbixoa h3 stoh CHTvauHH. 
a kmchho: VBejiHHeHHe JioKajibHbix >Ke<rrKocTeH Ka-^oii noKajibHOH MHorociOHHoii 
6HMop<j)HOH crpyKTypw KOMneHCHpyercH. b pasnHHHoii crencHH. 6onee sjiacTHMHWM 
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KpenjiCHHCM OTpa^Kajoiuefi njiacTHHbi k Kopnycy lepKajia no qpaBHCHHio c 
npoTOTHnoM H awajioraMH. JXim aroro OKasbiBaerca iiocTaTOHHbiM noHH3HTb 
»:ecTKOCTb OTpaxcaiouiefi niiacTHHbi (T.e.» iWHiua craKaHa) b ee nepH4)epnHHori 
nacTH, HTO, KaK 6bUio OTMCseHO Bbime (cm. c. 5) hbjwctc^i TpeTbefi rrpHHHHori. 
5 npHBOiwiueH k yKaaaHHOMv TexHHMccKOMy pesyjtbraTy. FIpH btom. 

COOTBCTCTByiOmHM OTJIHHHTCJIbHblM npH3HaK0M HBJIHeTCSI TO. HTO CTaKaH 

BbinoJiHeH B BHiie cuhhoh iierajiH c jxHHuieM nepeMeHHoB tojiiuhhw. Ha q)eOTeH 
nacTH KOToporo, HMeiomefi 6o;ibiiiyio TOJiuiHHy, BbinojiHCHa oTpa;Kaiouia5i 
noBepxHOCTb. 

10 SaMCTHM. HTO CHH:KeHHe -yKecTKOCTH OTpa^Kaiomea njiacTHHbi b ee 

nepH(j}epHHHOH nacTH (T.e. 6onee 3JiacTHHHbe ee saKpenjiCHHe) nosBOJwer 
KOMncHCHpoBaTb ysejiMHeHHe HMeHHO Ka-yKHoH jioKajibHofi ^-ecrncocTH Ka-yKflofi 
-lOKajibHOH MHorocjiOMHOH 6nMop(j3HOH CTpvKTypbi. T.e.. jiaHHoe paccy^KneHHe 
cnpaBexiHBO hmchho jui^i Ka:Kaoro nbeaosjieiapHHecKoro 3JieMeHTa MOsaHHHoro 

15 ajanTHBHoro 6HMop(|)Horo 3epKajia. a He TOJibKO iuw Tex, KOTopwe pacnojio^KCHbi 
no ero nepH(|)epHH. 3to OKasbiBacTca BosMoacHbiM ejiaro^apH TOMy, hto <J)yHKUHH 
OTKJiHKa MOsaMHHoro ajianTHBHoro 6HMop({)Horo sepKajia hmciot cyuiecTBeHHO 
HejioKajibHbiH xapaicrep. T.e., npH ;ie({)opMauHH jno6oro nbesodJieKipHHecKoro 
3JieMeHTa (HesasHCHMO ot ero pacnojioxccHHa) npoHcxoOTT ilecjiopMauHH Bcefi 

20 oipancaiomeH noBcpxHocmi sepKana. a He TOJibKO toh ee HacTH, KOTopan 
cooTBCTCTByer o6jiacTH pacnoJiOHceHH^i iiaHHoro nbeaosjieMCHTa. Ojuiaxo 
ecrecTBeHHo, BJowHHe TpeTbero OTXiHHHTejibHoro npHsnaKa (T.e., hto CTaKaH 
BbinonHCH B BHiie eiiHHOH iierajiH c iiHHiueM nepcMCHHOH tojiiuhhw. Ha q)eiiHeri 
HacTH KOToporo, HMeioiiieH Sojibiiiyio TOJimnny, BbinojiHena OTpa^Kaiouiaji 

25 nosepxHOCTb) na aMmiHTyjiy ;ie(J)opMauHH OTpa^yKaKDuieii noBepxHOCTH 6yfleT 6ojiee 

3HaHHTeJIbHbIM JUW nepHC{)epHHHbIX nbe303JieiCTpHHeCKHX SJieMCHTOB M03aHHHOrO 

3epKajia. 3to, b HacTHOCxH, AonycKaer HcnojibsoBanHe pasjiHHHoro KOJiHMecTBa 
nbeSfenjiacTHH jvisi nepH4)epHHHbix h jjuisi BHyrpeHHHX nbe303JieMeHTOB AaHHoro 
3epKajia. Ohcbhoto, npn npoHHx paBHbix yciOBHiix jum nepH(|)epHHHbix 

30 nbesosjieMCHTOB bosmo/Kho HcnoJib30BaHHe 6onbiiiero KOjiMnecxBa cbesonJiacTHH 
(obeaocioeB), hcm zum BHyrpeHHHX nbesosjieMCHTOB. 

OTMexHM TaiCKe, hto HcnojibsoBaHwe b sbiopaHHOM npoTOTHne TOJibKO 
ipcTbero OTJiHHHTCJibHoro npH3HaKa npeiuiaracMoro HsoopeTenH^i (T.e., hto craKaH 
BbinojiHCH B Bane ejiHHOH iierajiH c iiHHmeM nepeMCHHoii TOJiiiiHHbi, na q)ezmeri 

35 nacTH KOToporo, HMetOLueii oojibuiyio TOJiiuHHy. BbinojiHena oTpa/KaiomaH 
noBepxHocTb) c uejibio ziocth/Kchhji ynasaHHoro TexHHHecKoro pe3y;ibTaTa 
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(yBMHHeHHfl aMnjiHTyjibi iie(j)opMauHH OTpasKaromeH noBepxHocrn) hcbosmoskho. 

ilpVTHMH OIOBaMH. MCnOJIbSOBaHHC TOJIbKO 3TOrO npH3HaKa B npOTOTMne He 

npHBeaer k yxasaHHOMy rexHHHecKOMy peayjibTaty. npHHHHa 3Toro cjiwyiouiaa: 
(j)yHKUHH oncnHKa sepKajia-npoTo-rana hmciot JioKajitHbiii xapaicrep. T.e. npn 
ae(})opMauHH oflHoro nbesoajieiopHHecKoro 3JieMeHTa b 3tom 3epKa,ie npoHcxonHT 
iie4)opMauH5i ero OTpancaiomeH noBepxHOcra TOJibKO b o6nacm pacnojioaceHHa 
aaHHoro nbesoajieMCHTa. CjiMOBaxenbHO. aMiWHTyaa 3Thx JiOKanbHwx fletj)opMauHfi 
onpenejuercji HcianoHHTenbHo noKajibHofi jKecrxocTbio OTpaacawuieS nJiacniHbi b 
o6jiac™ iiaHHoro nbesoajicMeHTa. HpHMCM xapamrepHbiH pa3Mep o6jiacTH 
iie(})opMauHH onpe;iejweTcj. hc pa3MepoM nbesosjieMCHTa. a xapaicrepHbiM 
pa3MepoM BbicTvna c TbuibHofi cropoHw orpaacaiouieM njiaeroHbi. nepes KOTopui} k 
nocneiiHeH npHKJiaiibiBaeTCH ycHJiHe. paaBHsaeMoe npH H3rH6e nbesosjie.vieHTa. T.k. 
pa3Mep Bbicryna cymecTBCHHO MCHbiue pasMepa nbesosjieivieHTa. to noHATHO. hto 
iia5Ke nepH(J)epHHHbix nbe303JieMeHT0B sepKajia-npoTOTHna peariHsauHH 6ojiee 
3flacTHHHoro saKpenjieHHfl oTpajKaiomeji luracTHMbi HHKaK He CKa-^Kerca na 

HSMeHCHHH JIOKaJIbHOii JKeCTKOCTH B 06naCTH pacnOnOJKCHHjr 3THX nbe303;ieMeHTOB 

(bo bchkom cjryMae. b o6nacTH pacnojiojKeHHfl ccoTBCTCTByiouiHX BbicrynoB). 

TaKHM o6pa30M. TOJibKO coHeraHHe Bcex yKaaaHHtix oxJiHHHTejibHwx 
npH3HaK0B no3BOJMeT flo6Hn,cji cywecTBCHHoro rapaHmpoBaHHoro yBejiHieHHH 
aMruiHTyjn.1 ynpaBJweMbix nepcMeuieHHii oniMMecKOH noBepxHOcro M03aH4Horo 
aaan-niBHoro 6HMop<j»Horo sepxajia no q)aBHeHHio xaK c nporoTHnoM. ran h c 
aKajioraMH. T.e. rapaHTHpoaaHHO nonymm cymecTBeHHwii yKasannbiH Bbime 
TCXHHMecKHfi pe3ynbTaT. Heo6xoiuiMO saMcraTb. hto yKaaaHHufi TexHHHecKHii 
pe3yjibTaT (yBenHicHHC aMnjiHTyflbi ae(|>opMauHii) itocniraeTCJi xaK ajw Kaacnoro 
nbesosjiCKTpHHecKoro ajicMCHTa 3epKajia b OTflCJibHOCTM. tzk h juia bcch 
coBOKynHOCTM nbesosjieMCHTOB, noocojibKy npH oiiHOBpeMeHHbix fle(j)opMauHJix 
HecKOJibKHX (HflH Bcex) nbesosjieMCHTOB flefiCTByer npHHUHn cynepnosHUHH. 

ZIpyrHMH cjioBaMH. coneTaHHe npHsnaKOB. xapaicTepHsyiomHX BbinojiHCHHc 
Kopnyca h nbesoajieiopHHecKHX 3JieMeHT0B. nosBomer cHHSHTb cyMMapnyio 
/KecTKOCTb sjieMCHTa, Hecymero oxpaacaiomyio noBepxHOcrb. h nbe303JieiapHHecicHx 
SJICMCHTOB, HTO HOSBonflCT 3HaHHTenbHo HOBbicHTb aMnJiHTyjiy ynpaBnacMbix 
aecjiopMauHH onTHHccKOH noBepxHOCTH sepxajia. Xotjt yace H3BecTH0 
HcnojibsoBaHHe cmokhwx nbeaonjiacTHH c BCKTopaMH nojwpHsauHH. 
HanpaBJicHHbiMH b npoTHBonojioiKHbie CTopoHU (CM. naTCHT CUIA N 4257686 kji. 
G02F 1/00). Ho, TonbKO coHCTaHHe yKasannbix npasHaxoB c npH3HaKaMH. 
xapaKTepHsyiouiHMM (l)opMy BbinojiHCHHa KOpnyca m pacnojiojKCHHe sjieiopoflOB. 
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no3BonjieT npHBCCTH b cooTBercTBHe CHH:KeHHe Maccbi ajieMCHTa. Hecvmero 
OTpajKaiomyio noBepxHOcm, h nbe303;ieKTpHHecKne 3JieMeHTti. c cvMMapHofi 
•>KecTKOCTbio Bcex nepeHHcncHHux 3JieMeHT0B. T.e. iiocTHrHVTb yxasaHHwri Buiue 
TexHHHecKHH pesvnbTaT. 

HvBCTBHTejibHocTt 6HMopc})Horo 3epKajia ecTb OTHOoieHHe aejiHHHHbi 
;ie(})opMauHH ero onTHnecKOH noBepxHocxH k npH.ioMceHHOMv ynpaBJiKioiueMv 
Hanp5i>KeHHiO. FIocKOJibKy ynpaBJwioiuee Hanp;i:KeHHe He Bospacraer no 
qjasHCHHio c npoTOTHnoM, to npaMWM cjiezicTBHeM yBejiHHCHH;! aMnjiHxyiibi 
ynpaBJiiieMbix nepeMemeHHii juui KajKHoro nbe303JieKTpHHecKoro sjicMeHxa b 
OTZienbHccTH H jum Bcefi coBOKynHOCTH nbe303JieMeHTOB rajwercH noBbiuiCHHe 
oomefi (T.e. zuw bccm coBOKynHOCTH nbe303jieMeHTOB) h JioKajibHofi (j.e. ;uw 
Ka^Kiioro nbesoaJieMCHTa b OTiiejibHOCTH) HyBCTBHTCJibHocTH npemiaraeMoro 
MOsaHHHoro 6HMop<J)Horo sepKajia. Ecnw o6ecneHeHa MHHMMajibHO BosMO'yKHaa 
TOJiuiHHa nbe303JieicTpHHecKKX nJiacTMH, cocraajwioiaHX Kaxcayio MHorocjioiiHyio 
15 OHMop<|)Hyio crpyiaypy (Ka^KzibiH nbe303JieicTpHHecKHH stomcht), a kojihhcctbo 
3THX nbeaonJiacTHH b KancnoM nbesosjieMCHTe nponopuHOHajibHO yBejiHqcHO, to 
noBbiiucHHe HyBCTBHTejibHOCTH MoaaHHHoro 3epKajia o6ecneHHBaeTCH, ko BccMy 
npoHCMy. 3a chct CHH^eHHH ynpaBJMiomero HanpHHccHHii. 

CHH^KeHHe TpyaocMKOCTH H3roTOBJieHH5J npenjiaracMoro MOsaHHHoro 
20 6HMop(J)Horo sepKHJia ixocTnraeTC5i 6jiarojiapH ynpomcHHio KOHcrpyicuHH ero 
Kopnyca no q)aBHeHHK> c npoTOTHnoM, a hmchho 3a cner HCKjnoHeHHii h3 
KOHcrpyKUHH: I) nojiocTeft, b KOTopwx pacnojioHccHbi nbesosjieMeHTbi: 2) 
nocanoHHbix mcct noa sth nbe303jieMeHTbi: 3) BwcrynoB b nojiocrax. qepes 
KOTopbie K TbUibHoii CTopoHe 3epKajibHOH miacTHHbi npHKJiaiibiBaeTCfl vchjihc. 
25 Ckhxchhc Tpy^tocMKocTH cSopKH npeiuiaracMoro M03aHHHoro 6HMopcj)Horo 

lepKajia ixocTHraeTCJi 6jraroAap>i ynpoiucHHio saKpenjiCHHa nbe303JieKTpHHecKHX 
3JieMeHT0B b Kopnyce sepKajia no cpaBHCHHio c npoTOTHnoM. fleficTBHTe-TbHO, b 
npeSjiaracMOM H3o6peTeHHH nbe303JieKTpHHecKHe 3JieMeHTbi b npocreHiueM cjiynae 
Moryr 6biTb npocro npnicieeHbi TOKonpoBojiHiiiHM KJieeM k TbiJibHOH noBepxHOCTH 
30 3epKajibHOH nnacTHHbi. B to spcMK KaK. b npoTOTHne Heo6xoiiHMo: I) tohho 
pacnoiiO/KHTb nbe303JieMeHTbi b cooTBercTByiounHx nojiocrnx: 2) saKpenHTb hx b 

3TKX nOnOCTHX HO UHJlMHIipHHeCKOH (nepH(})epHHH0H) nOBepXHOCTIi: 3) COenHHHTb 

KaKHM-JiH6o o6pa30M nbe303JieMeHTbi c BbicTynaMH b uewTpe noxrocTefi. FIohhtho. 
HTO Bce nepeHHCJieHHbie onepauHH aBJUioTCH ropaszio 6ojiee TpyziocMKHMH. hcm 
npocToe npMKJieHBaHHe nbe3O3JieMeHT0B k TbiJibHOH cropoHc sepKajibHOH nJiacTHHbi, 
KpoMe Toro, b npejuiaracMOM H3oopeTeHHH cyiuecTBeHHo npome h yaoGHee 
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opraHH30BaTb nonsou 3;ieKTpHHecKoro Hanps)KeHHfl k Ka:KaoMy 
nbe303.ieKTpHMecKOMY aneMBHTy. 

CHHJKeHIie TpyaOCMKOCTH (JjOpMHpOBaHHH (nO.lHpOBKH) On-THHeCKOH 

nosepxHOCTH MOsawMHOro 6HMop<i.Horo aepKajia h noBwiueHHe KaHecrea ee 
iicxoiiHOH (jfopMw ooecneHHBawTca ojiarojapa tomv. hto craKaH BwnojiHeH b BHiie 
e:iHHOM neramt c iWHiueM nepeMCHHOH tojiiuhhw. he cpeaHefi sacni Koxoporo. 
HMewuiCH 6ojitui>TO TOJiiuHHy. BbinojiHCHa OTpa:KaK)maa noBepxHocn.. 

HenOCpeaCTBCHHWMH npMHHHaMH. BWTCKaiOlUHMH in aaHHOrO OTJIHHHa 

npeiuiaracMoro HSoSpereHHa. KOTopue npHBOiwr k yxaaaHHOMy pesyjibTary. 
xBAiiioTca: 

a) 6oflee onHopoflHufi h paBHOMepHbifi KOHTaicT onTHHcckon noBcpxHocni 
aepKOJia npH ero nojiHpoBKe c o6pa6aTbiBaiomHM HHCTpyweHTOM 

(nOJIHpOBajlbHHKOM): 

6) HCKjnoHCHHe H3 npouecca nojiHpoBKH nepH(j)epHH Kopnyca. r.e. ctbhok 
craKana co cropoHU ero AHHtua. 

C uenbKJ pacuiHpcHH;! (j)yHWiHOHajibHbix BOBMOSKHOcreB npefljiaracMoro 
MoaaHHHoro sepKana. a hmchho uja o6ecneMeHHii bo3mo>khoc™ ero pa6oTi.i b 
MOujHbix omnHecKHX (jiaaepHbix) cHcrcMax. OTpa:Kaiomaji n.iaeniHa sepKana, r.e. 
iiHHme ero craKaHa-xopnyca, Moacer 6M-n, BbinojiHCHO oxjiaacnaeMbiM. 

;ipyrHM oxmiHHeM MosaHworo aflanTHBHoro 6HMop<|)Horo 3epKajia aBJwerca 
TO. MTo. c uejibio >'BenHMeHHa npocroTO h yflo6cTBa ero KOHcrpyKUHH. CMesicHbie 
nbesoruiacTUHbi no KpaHHeii Mepe oimoro nbe303JieiapHHecKoro sjicMCHTa sepKajia 
conpa^KCHbi Me>Kay cooofi nepea o6mHH zu« hhx 3;Teiapofl. Ho cy™ iiejia. b naHHOM 
cjiynae BMecro ixsyx 3.ieKTpoziOB jayx paajiHHHwx cviejKHbix nbesonnacTHH hmcctch 
ojxHH ciiHHCTBeHHbiH 3.ieiapo;i. pacnojio^eHHbiM b Mecre coeiiHHeHHH sthx luiacTHH. 

C;ieztyiotuHM OTJiHMHCM npexmaraeMoro H3o6peTeHHjj HBJwercji to. hto. c 
uejibK) cHHJKeHHJi TpyaoeMKocTn (JiopMHpoBaHHa onTHHecKon noBepxHocni 
sepieina; noBbiuieHHs KanecTBa h CTa6HJibHocTH ee HcxoiiHOH 4)opMbi. a raicKe 
ysenrntHm npoHHOcni h Haiie;KHoc™ sepKajia. nojiocrt ero Kopnyca sanojiHCHa 

3.TaCTOtlHWM repMCTHKOM. CHH«eHHe rpyilOeMKOCTH (J)OpMHpOBaHHJI OniMHeCKOH 

noBepxHOCTH sepKajia h noBbiuieHHC KanecTBa ee hcxoahoh (})opMbi nocroraerca 
6jiarojiapa aeMn«|)HpoBaHMio sjiacTHHHWM repMeniKOM aaBJieHHs nojiHpoBa.ibHHKa 
Ha OTpaacaiouiyio anacTMHV sepKajia b npouecce nonHpoBKH nocjiejHero. 3a chct 
Hero ooecneHHsaerca 6oiiee oaHopoaHbiii h paBHOMepHWH KOHTak-r onrHHecKoii 
noBepxHOCTH sepKajia c nojiHpoBajibHHKOM. CxaoHnbHOCTb HcxoiiHOH OTpa-A-aioiueM 
noBcpxHOCTH sepKajja. a TaKace ysejiMMeHHe ero npoiHOCTH h HaaeacHOCTH 
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aocTHraioTca 6jiaroaapa je.MncjjHpoBaHHK) 3JiacTHMHbiM rep.vieniKOM BHemHHx 
yaapHwx. BH6pauHOHHWx h hhwx Harpy30K. fleiicTByioiuHX Ha Kopnyc sepKajia b 
npouecce ero aKcnjiyarauHH. HazieKHOCTb sepKajia xaKJKe noBbiuiaercji 6jiarojiapH 
TOMy, HTO repMCTHK aaiUHUiaeT SHyrpeHHee ycrpoHCTBO sepKajia or 
HenocpeacTBCHHoro noBpeacaeHHa. Hommmo aroro. HcnojibsoBaHHe aaacTHHHoro 
repMBTHKa cnocoScTByer BOSBpajy jiHHma craKaHa b HcxoaHoe nojio-zKCHHe. 

KPATKOE OnHCAHHE HEPTEaCEf!. 

YKasaHHwe uem h npeHMViuecTBa H3o6peTeHHa dyayr noHarobi h3 
HHJKecjieayioinero onHcaHHa KOHcrpyKUHH h npanaraeMux MepxejKefi. 

Ha (j)Hr.l noKasaH cxcMaTHMHWH paspes MOsaHMHoro aaanTHBHoro 
6HMop(})Horo- 3epKajia b oiyMae HcnonbsoBaHHH b kz'aviom nbe303JieMeHTe rpex 
nbe303JieKTpHHecKHX nJiacTHH. Ha (j)Hr.2 noKaaaH bha 3epKajia co. cropoHW 
MosaHHHoro ynpaBJMiomero nbeaocjioH jva cjiynasi. Koraa nooieflHHii o6pa30BaH 7 
nbesoaneinpHHecKHMH ajicMeHTaMH. 

JiyHIUHfl BAPHAHTOCymECTBJIEHIW H30BPETEHH;I. 

MosaHHHoe aaairniSHoe SHMop^iHoe sepKajio coctoht h3 Kopnyca I b Biwe 
craxaHa c Kphiimcofi 2 h OTpa«aiomeH noBepxHocrbio (nJiacTHHOfi) 3. 
anacrpHiecKHx aaeMCHTOB s BH^e nbesoKepaMHHCCKHX njiacrnH 4 c HaHeccHHUMH 
ynpaBJWKJUiHMH aneirrpoflaMH 5. coeaHHHTCJibHwx npoBOflHHKOB 6. ajiwcipHiecKHX 
npoBOflOB 7. 3JieicTpHHecKoro pa3ieMa 8 h anacroiHoro repMCTHKa 9. Ha <l>Hr.l 
CTpejncaMH noKaaano HanpaBJiCHHC hcxoahoh nojinpHsauHH ojvt Kaacnofi 
nbesonjiacTHHbi. Coc^hc oflHOHMCHHwe ajieiopoirbi jva KasKnofi napw 
nbesoruiacTHH b Ka^KaoM nbeaoajieMcirre noKasaHU omoit ciuiouihoB AHHHeti. 

MosaHHHoe aaanTHBHoe 6HMop<}iHoe sepKajio paSoraer cjieayMuiHM 
o6pa30M. Hepes 3neKTpHHecKH{i pasicM 8. ajieinpHHecKHe npoBona 6. 
coeaHHHTejibHbie npoBOiiHHKH 5 H ynpaBJwiowMe ajieicipoflbi 4 k KaacnoH 
nbeabnjiacTHHc 3 Kaacnoro nbesoajieiopHHecKoro BJieMCHra npHKnaabisaCTca 
ynpasjuiouiee Hanpji5KeHHe. rioHHTHO. hto zuw pasJiH^Hbix nbesoajieMCHTOB 3to 
HanpH>KeHHe moxcct 6biTb pasjiHHHbiM. 3a ciex o6paTHoro nonepcHHoro 
nbe303JieKTpHqecKoro 3cj)(|ieKTa Bce nbesonjiacTHHw 4 dyayr fle(|)opMHpoBaTbCJi. 
npHHCM 3TH ne(j)opMauHH 6yiiyT ozOTHaKOBbiMH anx Bcex nbe3on;iacTHH 4 oiiHoro h 
Toro Act nbesoajieMCHTa. b CHJiy hx Bbi5paHHOH opHCHTauHH h yKasaHHoro 
coezwHeHH>i 3JieKTpoaoB 5 (cm. ({)Hr.l). Hhumh aiosaMH. Ka/Knaa JiOKajibHaa 
TpexcnoHHaa (h, cJiejaoBarenbHO. MHorocjiOHHaji) nbeaocrpyjcrypa 6yaeT 
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iiec{)opMHpoBaTi>C5i KaK enHHoe uejioe, to ecxb kek MOHOJiHTHa^i nbe3onnacTHHa 

3KBHBaJieHTHOM TOJIlUHHbl. TaKHM 06pa30M, npH BblOpaHHOH OpHCHTaUHH 

nbesonJiacTHH 4 n yKasaHHOM coeiiHHeHHH hx 3JieKTpoiiOB 5 Kancnaii jioKam,Haa 
MHoroCTOHHa;! nbesocrpyioypa (Ka-.KZIWH nbesoajieMCHT) aKBHaajicHTHa 
MOHOJiHTHoii nbesoruiacTHHe. 

Hmch 3T0 BBHiiy, jienco noH^Tb. hto Ka^icaoe coeiiHHeHHe "oTpa>KaiouiaH 
njiacTHHa 3 - JiOKajibHaa MHorocnoHHaa nbesocrpyKiypa (oTne-ibHbm 

nbe303neMeHT)" 3KBHBaJieHTHO COeilHHeHHK) ilByX MOHOJlHTHblX njiacTHH: 

OTpa:KaioineH h nbesoKepaMHHecKofi. TaKoe coeiiHHeHHe, KaK hsbcctho (cm. nanp., 
Kokorowski S.A. Analysis of adaptive optical elements made from piezoelectric 
bimorphs. - J. Opt. Sec, Am.. 1979, v.69, N 1, p. 181.187), rajwercH 
nojiynaccHBHOH 6hmop4)hoh crpyKrypofi. CjienoBarejibHO, npH noflane 
sjieKipHHecKoro Hanpa^^eHHH Ha KaKyK)-jiH6o JiOKajibHyw MHorocjiofiHyK) 
nbesocrpyKTypy (r.e. Ha KaKoii-JiH6o OTnenbHbiii nbeaosjicMeHT) OTpancawma^ 
nosepxHOCTb sepKajia eyner fle^jjopMnpoBarbca onpeiiejieHHbiM o6pa30M. a 
HMCHHO nporH6aTbcji c MaKCHMyMOM nporH6a b Mecre KpenjiCHHH ;iaHHoro 
nbesosjicMCHTa 3a chct BosHHKHOBeHHH JiOKajibHoro H3rH6aK)mero MOMeHxa b 
aaHHOH jioKajibHoii 6hmop<})hoh crpyKiype. Hpa 3tom, b cooTBercTBHH c 
npoBejteHHbiM Bbiuie paccMorpeHHeM sa chct coHeraHHH Bcex yKasaHHbix 
OTJiHHHTcnbHbix npHSHaKOB ORHcaHHoe xexHHHecKoe peineHHe oSecnenHBaer 
rapaHTHpoBaHHoe cymecTBeHHoe ysenHHeHHe aMiuiHTyiibi ynpaBJweMwx 
nepcMemeHHii onTHHecKofi noBepxHOcxH sepKajia KaK sjisi Kaacaoro 
nbe3O3JieKTpHHecK0ro sneMCHTa b oraejibHOCTH, xaK h juisi bcch hx coBOKynHOCTH. 
ITocKojibKy HyBCTBHTejibHOCTb Ae4)opMHpyeMoro sepKajia ecu* OTHOUiCHHe 

BCJlHHHHbl AecJjOpMaUHH CFO OTpa^aroiUCH nOBepXHOCTH K npHJIO^KCHHOMy 

ynpaBJwroiueMy Hanp«-A-eHMK) (ujui oiiHoro hjih iuu Bcex nbesoajieMeHTOB), to h3 
npHBCiieHHoro paccMOTpeHHH jicho, hto b npejinaraeMOM MosanMHOM aixanxHBHOM 
6HvfSp(}jHOM 3epKaJie coHeraHHe Bcex oTJiHHHrejibHbix npH3HaKOB. 
xapaKTcpHsyroiuHX BbinonneHHe Kopnyca h nbesosjienrpHHecKHx sjieMCHTOB, Tax^Ke 
ooecneHHBaeT rapaHTHpoBaHHoe 3HaHHTe;ibHoe yBejiHHeHHe MyBCTBHTejibHOcxH (Kax 
ooiuefi. TaK H noKajibHOH) no cpasHeHHro c H3BecTHbiMH anajioraMH h npoTOTHnoM. 
Ohcbhuho. b cjiynae Hcnojib30BaHH5i b JiOKanbHbix 6HMop4)Hbrx crpyKxypax (T.e. a 
OTiiejibHbix nbesosjieMCHTax) He Tpex, a Sojiee obeaosjieKxpHHccKHx njiacTHH 4, a 
TaKHce b cnyHae MHorocnoHHbix nbeaosjieMCHTOB. Bce npHBCiieHHbie paccy/tcaeHHH 
coxpaH5iK)T CBOK) cnpaBeiuiHBOCTb npH ycioBHH opweHTauHH Bcex nbesoHJiacTHH 4. 
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coezmHCHMK Hx ancKTpoiiOB 5, BbinonHCHHH Kopnyca 1 h OTpa'/Kaiomefi njiacTHHbi 3 
yKaaaHHbiM o6pa30M, cm. <j)Mr.l. 

Heo6xo;iHMO OTMCTHTb, HTO c uejibK) o6ecneMeHHH bo3mo>khocth paSoxbi 
npeoJiaracMoro sepKajia b MOuiHbix onraHecKHx (jiaaepHbix) cHcrcMax, OTpa^KaiomaH 
nJiacTHHa (ahhuic craKaHa) Moacer 6biTb BbinojiHCHa oxjia>KZiaeMOH. HanpHMqj. 
OHa Mo:KeT coiiep-yKaTb KaHajibi oxjiaHcaenH^ nsisi nponycKaHHH Boabi hjih jno6oro 
HHoro xiiaixoarcHTa, pacnojio>KeHHbie Henoq)eziCTBeHHO non oxpa-yKaiomeH 
noBcpxHocTbio aepKajia. Ha npHJiaracMbix Hepxe^Kax jtaHHbie Kawajibi oxjia>KzieHHii 
He noKasaHbi. 

HaH6oJibuiaa npocrora h y;io6cTBO KOHcrpyxuHH npeanaraeMoro 
H3o6peTeHHji jiocTHraioTCH B TOM cjiynae, Koriia cMeacHbie nbeaonjiacxHHbi 
OTjtejibHbix nbesoajieMCHTOB conpa^KeHw MOKny co6oh nepea o6mHH iuw hhx 
3jreKTpoii. HeficTBHTejibHO. b 3TOM cjiynae MHorocjiOHHbie nbe303JieMeHtbi Moryr 
6biTb oopasoBaHbi He npocrtiM coeaHHCHHeM oxaenbHWx nbesonjiacTHH c 
HaHepeHHbiMH Ha o6e cropoHbi 3JieiapoixaMH. a, nanpHMcp, cneKaHHCM no njiaTHHe 

TOHKHX nbe303JieKTpHHeCKHX lUieHOK. ripH 3TOM. CaMH nbCSOnJlCHKH He HMeiOT 

ynpaBjunouxHX 3JieKTpo;aoB, a hx pom* nrpaiOT nJiaraHOBbie npoicia^H. KpoMe 
Toro, npH cncKaHHH OOTOBpeMCHHO npoBOAHTCH TepMOo6pa6o-nca nbesonjiCHOK, 3a 
cqer Hero ohh npespamaiOTai b »ecncHe (ho TOHKHe) nbesoiuiacTHHbi. TaicHM 
o6pa30M, b HTore nbesonnacTHHbi b MHorocjiOMHbix nbe303neMeHTax OKasbisaiOTCH 
conp;i:KeHHbiMH nepes o6mHH juia hhx SJieinpo^x. 

Bbiuie vA-e 6biJiH OTMCHeHbi npeHMymecraa. xoxopwe o6ecneHHBaeT 
Hcnojib30BaHHe 3JiacTHHHoro repMCTHKa, sanojiHuiotuero BHyrpeHHioio nojiocxb 
Kopnyca sepKajia. OcraercH iio6aBHTb, hto npw sanojmeHHH xouxkhm repMexracoM 
nojiOCTH Kopnyca h ero nocjie^cyiomeM BbicbixaHHH npoHcxOOTX ero aitresHJi k 
CTCHKaM Kopnyca h noBcpxHocxH nbesosjieMeHxa. TaKHM o6pa30M. repMexHK Hrpaex 
pojib CBoeo6pa3HOH npy>KHHbi, B03BpaiuaioineH oxpa^KaiouiyKD njiacTHHy (ahhuic 
cxaK^Ha) B HcxoiiHoe cocxojiHHe npH JnoSbix narpysKax, AeficxByiomHx na Hee b 
npouecce HsroroBneHHii hjih SKcnjiyaxauMH sepKajia. 

HeMajiOBa^wbiM ;ioctohhctbom npezuiaraeMoro ycrpoHcxBa M03aHHHoro 
ananxHBHoro 6HMop<J)Horo sepKajia mjiJiexcH B03MO>KHOCXb yMCHbuieHHA 
xoJimHHbi oxjie.xbHbix nbesonjiacxHH 3 c uejibio noHH:KeHH;i BenHHHHbi 
ynpaBJWioiuero Hanp5i:KeHH5j (6e3 CHHHceHHii aMnnnxyjibi noJiesHwx flecJjopMauHH 
oTpa^KaiomeH noBepxHOcxH) h, cneziOBaxejibHO. eme 6ojrbuiero noBWUieHH^i 
HyBcxBKxejibHocxH. fleficxBHxejibHO, iuw cymecxByioiuHX anajioroB h npoxoxwna 
xojiuiHHa oflHoii nbesoiuiacxHHbi orpanHHena cHH3y, xaK KaK ee jKCcxKocxb xtojiKHa 
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6biTb iiocraTOHHa juia MaKcwMajibHoro H3rH6a OTpa>KaiouieH njiacrnHbi. B cbok) 
onepeiib. oSmaa TOJiuiHHa 6HMop(j)HOH crpyioypbi njin aHajioroB raiofce orpaHHHeHa 
CHH3y (iuw npoTOTHna, cooTBercTBeHHO, cyuxecTByeT oqjaHHHCHHe Ha tojiuuhhy 
sepKajibHOH njiacTHHbi), nocKOjibKy ee Hcecrxocrb iiojracHa ooecneHHBarb 

B03MO)KHOCTb OnTTIHeCKOrO (t)OpM006pa30BaHHH H nOJIHpOBKH sepKOJia. TaKHM 

o6pa30M. jvisi HMcjoiuHxcii anajioroB h npoTOTnna cymecTByer MHHHMajibHo 
iionycTHMaH xoJiinHHa nbesonjiacTHHbi. npH KOTOpoii bo3mo:kho cosnaHHe 
3({i(})eKTHBHoro AecjjopMHpyeMoro 6HMop({)Horo sepKajia. 

H3 npHBCiieHHoro Bbime onHcaHHa hcho, hto juia npeiuiaracMoro 
M03aHHHoro ajianTHBHoro 6nMopc|)Horo 3q3Kajia KaKoro-;iH6o orpaHHweHHH 
MHHHManbHOH TonmHHbi OTiiejibHbix nbesoruiacTHH 4 He cymecTByer. OneBHiiHO, b 
3T0M cjiynae B03M0>fCHbm HejaocraTOK ^kcctkocth KaMcnofi JiOKajibHofi 
nbesocrpyxTypbi (r.e. oTiiejibHoro nbesoa/ieMeHxa) -lenco KOMneHCHpyerca 
yBeJiHHeHHeM KomHecTBa nbesoajieiopHMecKHx nJiacTHH 4 b 3thx nbesosjieMCHTax, 
TaKHM o6pa30M, rTpe;uiaraeMoe ycrpoiicTBo o6ecneHHBaeT B03M0/KH0CTb cozuslhusi 

HH3KOBOJIbTHbIX BblCOKOHyBCTBHTejlbHblX MHOFOKaHaJIbHblX a^ianTHBHblX 

6HMop<|)Hbix sepxaji c bwcokoh aMiuiHTyiiOH ynpaBJwcMbix nepeMemeHHii 

OnTHHeCKOU nOBepXHOCTH. 

nPOMblUUTEHHAil nPHMEHHMOCTb. 
B saianoHeHHe yMecTHo oTMCTHTb, mto npejuiaraeMoe ycrpoHCTBo, b tom 
HHCJie H3o6pa'.KeHHoe na HeprcHcax, mo^kct 6bm. peajiHSOBaHO Ha craaaapTHOM 
npoMbiiiuieHHOM o6opyA0BaHHH c HcnojibsoBaHHCM HSBecTHbix MaxepHajiOB h 
TexHonorHHecKHx onepauHH. Hcnojibsyrouinecji b KOHcrpyKUHH 3epKajia 
nbesoajieKipHqecKHe luiacTHHw xaicsKe aBJWioxca cxaHjiapxHOH npoMWiiuieHHOH 

npOAyKUHCH. 

Ho q)aBHeHHK) c azianxMBHbiMH 3epKajiaMH, coAep:KaiUHMH AHCicpexHbie 
ynpiBJwioiUHe npHBOjocbi (nanpHMcp, no q}aBHeHHK) c Aec{)opMHpyeMbiMH 3epKajiaMH 
(})paHuy3CK0M (|)HpMbi Laserdot SAM52 \i SAM249, coAcp^KainHMH, 
cooxBexcxBeHHO, 52 h 249 nbe3onpHBOXcoB, cm. J.-P.Gaffard, PJagourel. 
P.Gigan. Adaptive Optics: Description of available components at Laserdot. - 
Proc, SPIE, 1994, Vol. 2201, p. 688-702), npeiuiO'/KeHHoe ycxpoHcxBO npH npoqnx 
paBHbix ycjioBHHX (xapaKxepHCXHxax) o6jiaiiaex KaK MHHWMyM cjie/iyiouiHMH 
npcHMymecxBaMH: SHaHHxejibHO MCHbuiHMH mbccoh h ra6apHXHbiMM pasMepaMH. 
CYiuecxBeHHO MeHbuieii ce6ecxoHMOcxbio. 
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ripaKTHHecKH npeiuiojKeHHoe H3o6peTeHHe MOyKer 6biTb HcnojitaoBaHO b 

Jn06b(X OnTHHCCKHX CHCTCMaX JUISI BbinOnHCHH;! ;iHHaMHHeCKOH KOppeKUHH 
(KOMnCHCaUHH) 4)a30BbIX HCKajKCHHii OnTHHeCKHX nyHKOB C BblCOKOH TOHHOCTblO, 

HanpHMcp B acTpoHOMHHecKHX TCJiecKonax c uejibio noBbiuieHHii KanecTBa 
H3o6pa>KeHHH yaaJieHHbix CBerosbix hctohhhkob (KOMnencauHH bjih;ihhh acMHofi 
Typ6yjieHTHOCTH). 
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OOPMynA H30BPETEHiia 



1. Mo3aHHHoe aaanTHBHoe 6HMop(j)Hoe aepKajio. coaep^camee Kopnyc b 
BHiie craKaHa c KpuuiKofi h OTpa>Kaiomei! nosepxHOCTbio Ha BHeuiHeii cjopoHe 
xiHHina craKaHa, OTnejibHwe nbe303JieiapHHecKHe 3JieMeHThi, pacnojiOKCHHwe b 
craKaHe. He Bbixoiw 3a npene-ibi oipa-^Kaioiueii noBepxHocni. OTJiHHaiomeeca tcm. 
HTO Ka:KiibiM nbcsoajieiapHHecKHH ajieMCHT BbinoJiHCH h3 nocjieiiOBaTejibHo 
saKpenneHHfaix napajuiejibHO BHyTpeHHcH noBepxHocxH imnuia craKana no KpaHHcH 
Mepe HByx nbesoruiacTHH co ciuioiuHbiMH aJiempoiiaMH Ha hx npoTHBononoHCHWx 
CToponax. BCKTopbi nojiHpH3auHH CMe^bix nbesoruiacTHH Kaacaoro 
nbe303JieKTpHHecKoro ajieMCHTa HanpaBJiCHbi b npoTHBonojioKHbie cropoHw. a hx 
oiiHOHMeHHbie 3JieKTpo;ibi sjieiopHHecKH CBHsaHbi MejKJOty co6oh, npH 3tom craKaH 
Bbinoraen b BHiie ciwhoh nerajiH c hhhuicm nepeMCHHofi TonmHHbi, na cpeiXHeii 
HacTH KOToporo. HMeioiueH 6ojibiiiyio TOJiuiHHy, BbinojiHena oipajKaioma;! 
noBepxHOCTb. 

15 2. 3epKajio no n.I, OTranaiomeeca tcm, hto othiuc CTaKana BbinoJiHCHO 

oxjia;KiiaeMbiM. 

3. 3epKajio no n.n. I hjih 2, OTJiHHaiomeecH tcm, hto CMCxcHbie 
nbesonjiacTHHbi no KpaHHCH Mepe ootofo nbeaosjieicrpHHecKoro ajicMCHTa 
conp5i>KeHbi Menczry co6oh nepes o6mHM juisi hhx aneicrpoii. 
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4. Bepxajio no jno6oMy h3 n.n. 1-3, OTJiH^aiomeeca tcm, hto nojiocrb 
Kopnyca sanojiHena 3JiacTHHHbiM repMCTHKOM. 
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